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Abstract 
Implications: AMAC is one of the fastest growing Area Council in the FCT, 

and to the best of our knowledge, no study has been carried out to estimate 

the generation of waste electrical and electronic equipment (WEEE) in this 

Town. Therefore, the authors estimated the generation of the WEEE by the 

“use and consumption” method. The results of this study can be useful not 

only for decision-making organizations of AMAC to manage and recycle 

this type of waste but also can be used as a method to estimate the 

generation of e-waste in different locations of the Country, especially in 

places where the generation of such waste could be a risk to human health 

and the environment. 

 

 

Introduction 
With the ever-advancing development 

of technology in today’s society, 

electrical and electronic equipment 

(EEE) have become indispensable to 

all aspects of people’s daily lives. It is 

estimated that more than 660 types of 

electronic appliances are currently 

sold in the global marketplace 

(Huisman et al., 2012). These 

products have a variety of attributes, 

such as price, function, size, inner 

structure, components and material 
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composition.  

Consumer electronics have become an integral part of daily life and 

revolutionized the way we communicate, retrieve information, and view 

entertainment. Between computers, televisions, mobile devices, electronic 

games, and even devices which measure metabolic rate, it is estimated that the 

average person owns 24 electronic products (Consumer Electronics Association 

(CEA), 2008). We live in a society where newer is better, and for each new 

electronic gadget that reaches the market, one or more becomes outdated or 

reaches end-of-life. 

Consumers’ demands, changes in lifestyle, and technological development have 

been raising the consumption rate of electronic products. Thus, increased 

production and consumption will  also be increasing the amount of waste 

produced (Khattar and Kaur, 2007; Chung et al., 2011). It was estimated that 

about 20–50 million tons e-waste is generated in the world annually, which is 

equivalent to 1–3% of the total municipal waste production of 1636 million tons 

per year (Ongondo et al., 2011; Robinson, 2009). The Europe Union (EU) 

countries dispose of an estimated of 6.5 million tons waste electrical and 

electronic equipment (WEEE; 8% by volume of all municipal waste) per year. 

By 2015, the generation of such waste could be as high as 12 million tons in the 

EU countries (Robinson, 2009). In the developing and transitional countries, on 

average, the corresponding value is equal to 1–2% of the total solid waste, and 

it is expected to increase even more in the future (Mmereki et al., 2012). 

WEEE contains hazardous materials such as heavy metals and persistence 

organic materials. It can also be regarded as a resource of valuable materials 

such as ferrous and nonferrous metals, engineering plastics, precious metals, 

platinum group metals, and rare earths elements (Ongondo et al., 2011; Lau et 

al., 2013; Menad et al., 2013; Robinson, 2009). 

Gaining information on quantities and composition of the generated waste is 

necessary for planning and management of e-waste. Different methods have 

been evaluated to estimate the amounts of WEEE generated in the various 

locations in the world. For instance, Kim et al. (2013) used a population balance 

model to estimate the amount of WEEE generated in South Korea. The model 

was based on a life span distribution analysis. They reported, “1.2 million air 

conditioners, 2.5 million televisions, 1.3 million microwave ovens, 1.2 million 

refrigerators, 17.0 million mobile phones, 1.7 million refrigerators, 2.0 million 
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vacuum cleaners, and 1.4 million washing machines were generated as WEEE 

in 2010.” 

Steubing et al. (2010) carried out a study in Chile and used material flow 

analysis to assess the generation of e-waste from computers equipment (desktop 

and laptop PCs [personal computers] as well as CRT [cathode ray tube] and 

LCD [liquid crystal display] monitors). They estimated that about 10,000 and 

20,000 tons of computer waste would be generated in the years of 2010 and 

2020, respectively. 

Kahhat and Williams (2009) analyzed the flow of used PCs imported into Peru. 

The authors stated that printed circuit boards were usually not recycled 

domestically but were exported to Europe for advanced recycling or to China 

for informal recycling. 

The material flow of used PCs in Japan was analyzed by Yoshida et al. (2009). 

They developed a method to estimate the material flow of used PCs, and 

according to that method, it was reported that 3.92 million and 4.88 million used 

PCs were discarded in 2000 and 2001, respectively. 

Müller et al. (2009) used a simplified model to estimate the quantities of WEEE 

generated. The model relies on a flow with three processes: production, 

consumption, and disposal, for a time-invariant system. The average weights 

for desktop computers and laptops were 25 and 4 kg, respectively. With these 

assumptions, they calculated a global average of 0.3 kg/year per capita of PC 

waste generated. 

In Nigeria no study has been carried out to empirically estimate the amount of 

e-waste generated, hence this study is filling a spatial gap in knowledge in that 

regard. 

The present study aimed to estimate the amounts of the WEEE generated in 

AMAC, a major town in the FCT. To accomplish this, some equipment, 

including refrigerators, freezers, washing machines, televisions, audio systems, 

computers, telephones, and cell phones, were chosen as indicators to measure 

the WEEE generated in the town. They are the most representatives of WEEE 

generated in terms of weight, sales volume, lifetime, and presence and 

importance of hazardous substances (Araújo et al., 2012). The model presented 

here tries to analyze these items according to their average lifetime. 

 

Research Methods 

Description of the Study Area 

The Abuja Municipal Area Council lies between latitude 180 36’ 21.44830” N 

and 990 23’ 03.78874” E. It was created in  October, 1984. It is located on the 

eastern wing of the Federal Capital Territory. The area council is a home to a 
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number of indigenous peoples including the Habe, Gbagyi, Gwandara, Gade, 

Basa, Hausa, and Fulani. These were heterogeneous groups that originally 

inhabited the present day F.C.T.  They mostly engaged in farming, trade and 

livestock rearing.  however, today the population of the F.C.T. is made up of 

Nigerians from all parts of the country, engaging in countless economic 

ventures within the territory (Adakayi 2000). 

 
 

 

Sampling method 

The stratified random sampling technique was adopted for this study on which 

basis settlements were grouped into four strata: urban; peri-urban; satellite 

towns and rural. Four settlements per category were randomly selected using 

Figure 1.1: Nigeria Showing F.C.T and AMAC 

Source: Geography Department, Nasarawa State University, Keffi 
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the ballot method of random sampling technique. The settlements in the urban 

category include; Asokoro, Garki, Wuse and Maitama, in the same vein that of 

the Peri-urban category include; Gwarinpa, Jabi, Life-camp and Karu, also the 

settlements in the satellite towns include; Galadimawa, Lugbe, Gwagwa and 

Karmo, while that of the rural areas include; Gosa, Kurumduma, Ketti and Iddo. 

The total population of AMAC as projected to 2020 was put to be 797,654, the 

Taro Yamane sample size determination formula was employed to determine 

the sample size for the study and the sample size derived from the formula was 

400, this was used to generate the data for the study, the formula is given below. 

Furthermore, the systematic sampling was used to administer four hundred 

questionnaires to selected Households in order to estimate the number and 

lifetime of electrical and electronic equipment, and for investigating the current 

situation of e-waste management in the study area. The questionnaires used for 

data collection were coded in SPSS Version 16 to ease analysis. 

 

s =       N  ………………………… (Equation 1) 

         1+N(e )2 

Where  

s = required sample size. 

N = the population size. 

e = margin of error. 

 

To date, no known studies have been done to estimate WEEE generation, 

recycling, treatment, and disposal in Abuja Municipal area Council (AMAC). 

In the present study, the quantities of e-wastes were estimated using the “use 

and consumption” method. In this method, an average number of electrical and 

electronic equipment is considered for a typical household, and by considering 

the useful life of the equipment, the amount of e-waste can be estimated. The 

lifetime of the product is an essential factor for estimating the amount of WEEE 

generated. The total time that a product remains at the system boundaries from 

the retail points until the moment it is sent to the solid waste management 

system is called the lifetime of the product (Araújo et al., 2012). 

The contribution of an item to annual e-waste generation in AMAC was 

calculated by the following equation (Robinson, 2009): 

𝐸 =
𝑀𝑁  

𝐿  
…………………(Equation 2) 
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where E (kg/year) is the quantity of e-waste generated, M (kg) is the weight of 

item, N is the number of e-products units in use, L (years) is the average lifetime 

of the product. 

 

Table 1.1: Sampled Settlements 

S/N Urban 

Locations 

Peri-Urban 

Locations 

Satellite 

Towns 

Rural Areas 

1 Asokoro Gwarinpa Galadimawa Gosa 

2 Garki Jabi Lugbe Kurumduma 

3 Maitama Life Camp Gwagwa Ketti 

4 Wuse Karu Karmo Iddo 

 

Using the above formula (equation 1), 400 was obtained as the sample size. This 

sample size was distributed in proportion to number of households in each 

settlement category as shown in table 1.2. 

 

 Table 1.2. Settlements in AMAC with Approximate Number of Household 

in each Category 

S/N Locations Enumeration Centres Approximate  

No. of Households 

No. of Household Sampled 

1 Urban 
   

2 Asokoro 10 3000 31 

3 Garki 8 5000 25 

4 Wuse 9 4,628 28 

5 Maitama 7 3,432 22 

6 Total 34 16060 106 

7 Peri-urban 
   

8 Gwarinpa 8 3,892 25 

9 Life Camp 6 5,861 19 

10 Jabi 9 4,364 28 

11 Karu 6 4,965 19 

12 Total 29 19,082 91 

13 Satellite Towns 
   

14 Galadimawa 7 2,455 22 

15 Lugbe 11 6,837 34 

16 Karmo 9 5,855 28 

17 Gwagwa 12 3,694 38 

18 Total 39 18,841 122 
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19 Rural Areas 
   

20 Kurumduma 7                             30,74                                                             22 

21 Iddo 5 1,500 16 

22 Gosa 8 1,769 25 

23 Ketti 6 1,115 18 

24 Total 26 7,458 81  
Grand Total 128 61,468 400 

Source: Author’s Field Survey, 2020 

 

We identified enumeration centres; defined sample size; obtained a list of 

number of household and determined what ‘k’ is equal to by dividing the size 

of the number of household (N) in each category by sample size (i.e in the Urban 

area 16060/400 = 40) Researcher picked any number from the list as starting 

point, then added k to each number to get the successive kth term. Hence, one 

was picked when the next house was 1 + 40 = 41st, next 81st sequentially until 

the required households were picked in each ward as stated in (Table 1.2). 

Two indigenes of the communities within the study areas were employed to 

translate questionnaire into local languages.  

 

 
  Figure 1.2:  Location map of the study area 

 

Results and Discussion 

The total quantities of e-waste generated along with the details of the studied 

equipment are shown in Table 1.3. 
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Table 1.3: The Quantities of WEEE Generated in AMAC 

S/

N 

Equipment Number 

Owned 

 by 

Households 

Lifetime 

Years 

Weight of Item 

(kg) 

WEEE 

Generated 

 (tones/year) 

1 Television 1011 12 30 2527.5 

2 Desktop Computers 737 7 25 2632.142857 

3  Mobile telephones 890 4 0.1 22.25 

4 Refrigerators 999 15 35 2331 

5 Air conditioners 750 15 55 2750 

6 Washing Machines 1267 10 65 8235.5 

7 Dishwashers 1308 10 50 6540 

8 Electric cookers 885 10 60 5310 

9 Electronic Games 1283 5 3 769.8 

10  Video recorder/DVD 

Player 

680 5 5 680 

11 Laptops  1115 7 3 477.8571429 

12 Lamps 714 3 0.2 47.6 

13 Freezers 809 15 35 1887.666667 

14 Audio Systems 677 10 10 677 

15  Microwaves 1272 7 15 2725.714286 

16 Electric Heaters 790 20 5 197.5 

17 Toasters 1433 5 1 286.6 

18 Total 16620 
  

38098.13 

Source: Field Survey, 2020 

 

One of the major sources producing electrical and electronic waste is the 

household sector. This sector includes a wide range of low volume to bulky e-

waste. In this study, large household goods such as freezers, refrigerators, 

washing machines, microwaves, dishwashers, air conditioners, audio systems 

etc were investigated. The numbers and characteristics of the bulky electronic 

equipment in AMAC presented in Table 1.2.  From the table it can be clearly 

seen that Washing machines produce the highest e-waste quantity, followed by 

Dishwashers, Electric cookers, Air conditioners, Microwaves, Desktop 

Computers, Television, Refrigerators and Freezers. This finding is not 

unconnected to the fact that most residents of the FCT earn a higher income as 

most dwellers have white collar jobs, hence this must have accounted for the 

increase use of household goods such as washing machines, dishwashers and 
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electric cookers. Also, this finding may not be unconnected to the climatic 

characteristics of the Abuja municipal area council as it falls within the tropical 

humid climate where the annual temperature is 25.7 °C | 78.3 °F, cooling 

appliances such as refrigerator and air conditioner are widely used almost 

throughout the year. Consequently, due to heavy continuous use and repair, the 

useful life of these types of equipment may be reduced. This, in turn, increases 

the flow of these types of equipment in the waste streams. Therefore, it is 

necessary that these types of waste be collected and recycled properly.  

According to the average weight of the equipment, the total generation of the e-

waste was 38098.13 metric tons per year. Based on the statistics provided by 

the Abuja Environmental Protection Board (AEPB) about 14785 metric tons 

municipal solid waste was produced per month; therefore, the e-waste 

contributes to 21.47% of the total waste generated, in AMAC. 

 

Conclusion 

Changes in lifestyle of people, technological development, and low-cost 

availability of electronic gadgets have led to increased consumption rates of 

electronic products. Consequently, the global quantities of WEEE are on an 

upward trend across the globe. In this study, we estimated the quantities of 

WEEE generated from some e-products in AMAC in 2020 using “use and 

consumption” method. Based on our analyses, the total amount of WEEE 

generated was estimated to be38098.13 metric tons in 2020 in AMAC. Washing 

Machines had greater contribution to the WEEE generated followed by 

Dishwashers, Electric cookers, Air conditioners, Microwaves, Desktop 

Computers, Television, Refrigerators and Freezers. Due to high generation of 

WEEE and the lack of proper managing systems for this type of waste in the 

town, it is predicted that such waste would have some adverse effects on the 

health of AMAC citizens and the environment as well. Therefore, it is necessary 

that the municipality along with the source separation programs also do field 

surveys on the quality and the quantity of e-waste generated to provide 

necessary infrastructures for separation, collection, recycling, and management 

of such waste. 
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